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IMPORTANCE Type 2 diabetes involves progressive loss of insulin secretion from pancreatic
β cells in the setting of insulin resistance and manifests clinically as hyperglycemia. Type 2
diabetes accounts for 90% to 95% of all cases of diabetes globally, with estimates ranging
from 589 million to 828 million people worldwide. In the US, type 2 diabetes affects
approximately 1 in 6 adults.

OBSERVATIONS Risk factors for type 2 diabetes include older age, family history, overweight
or obesity, physical inactivity, gestational diabetes, Hispanic ethnicity, and American Indian or
Alaska Native, Asian, or Black race. Diabetes is diagnosed if fasting plasma glucose is greater
than or equal to 126 mg/dL, hemoglobin A1C is greater than or equal to 6.5%, or 2-hour
glucose during 75-g oral glucose tolerance testing is greater than or equal to 200 mg/dL.
Approximately one-third of adults with type 2 diabetes have cardiovascular disease and 10.1%
have severe vision difficulty or blindness. The prevalence of type 2 diabetes is 39.2% among
patients with kidney failure. Although weight management is an important component of
treatment for type 2 diabetes, no specific diet has been proven to be most effective for
improving health outcomes. Physical activity can reduce hemoglobin A1C by 0.4% to 1.0%
and improve cardiovascular risk factors (ie, hypertension and dyslipidemia). Randomized
clinical trials have reported absolute reductions in microvascular disease (3.5%), such as
retinopathy and nephropathy, myocardial infarction (3.3%-6.2%), and mortality
(2.7%-4.9%), with intensive glucose-lowering strategies (hemoglobin A1C <7%) vs
conventional treatment 2 decades after trial completion. First-line medications for type 2
diabetes include metformin and, in patients with cardiovascular or kidney comorbidities or at
high cardiovascular risk, glucagon-like peptide-1 receptor agonists (GLP-1RAs) or
sodium-glucose cotransporter 2 inhibitors (SGLT2is). Common add-on medications include
dual glucose-dependent insulinotropic polypeptide (GIP)/GLP-1RAs, dipeptidyl peptidase-4
inhibitors, sulfonylureas, and thiazolidinediones. Approximately one-third of patients with
type 2 diabetes require treatment with insulin during their lifetime. Several randomized
clinical trials have demonstrated benefits of specific SGLT2i and GLP-1RA medications
compared with placebo for atherosclerotic cardiovascular disease (12%-26% risk reduction),
heart failure (18%-25% risk reduction), and kidney disease (24%-39% risk reduction) over 2
to 5 years. Most trial participants with type 2 diabetes were taking metformin. High-potency
GLP-1RA and dual GIP/GLP-1RA medications result in weight loss of greater than 5% in most
individuals with type 2 diabetes, and weight loss may exceed 10%.

CONCLUSIONS Type 2 diabetes affects up to 14% of the global population and is associated
with preventable long-term complications, such as cardiovascular disease, kidney failure,
vision loss, and increased mortality. In addition to lifestyle modifications including diet,
exercise, and weight management, metformin is generally first-line therapy for attainment of
hemoglobin A1C targets. For individuals with type 2 diabetes and cardiovascular or kidney
disease or at high cardiovascular risk, guidelines recommend early treatment with SGLT2i
and/or GLP-1RA medications.
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T he number of people with diabetes worldwide was estimated
to be between 589 million and 828 million during 2022 to
2024,1,2 with type 2 diabetes comprising 90% to 95% of

cases.1,3,4 Insulin resistance may be present for 10 years or longer prior
to diagnosis.5 Although the global prevalence is rising (estimates range
from 11%-14% of adult population), the incidence of type 2 diabetes has
stabilized or decreased in most places worldwide.6,7 The prevalence
of diabetes in US adults is 15.8%.4 In individuals with prediabetes,
type 2 diabetes can be prevented or delayed with changes in health be-
haviors that lead to weight loss or pharmacotherapy.8

Risk factors for type 2 diabetes include overweight and obe-
sity, physical inactivity, age, family history, race and ethnicity, his-
tory of gestational diabetes, and presence of other conditions (eg,
hypertension, dyslipidemia, cardiovascular disease).9-14 More than
600 genetic variants are associated with an increased risk of type 2
diabetes.15 Although body mass index has a stronger association
with type 2 diabetes than genetic risk scores,16 approximately 10%
of individuals with type 2 diabetes do not have overweight or
obesity.3

Globally, 32.2% of people with type 2 diabetes have cardiovas-
cular disease.17 In the US, 1 in 10 individuals with diabetes have se-
vere vision loss or blindness.3 Diabetes is a leading cause of kidney
failure, nontraumatic lower extremity amputation, and death (30.4
deaths per 100 000 population).3,18 Diabetes-related comorbidi-
ties also include metabolic dysfunction–associated steatotic liver
disease,19 cancers such as colorectal and breast,20 and dementia.21

(eFigure 1 in the Supplement).20,21

Although hemoglobin A1C (HbA1C) lowering with medications
such as metformin and treatment of cardiovascular risk factors
such as hypertension and hyperlipidemia are important,14 the avail-
ability of newer glucose-lowering drugs (glucagon-like peptide-1
receptor agonists [GLP-1RAs] and sodium-glucose cotransporter 2
inhibitor [SGLT2i] medications) that have cardiovascular, kidney,
and weight loss benefits has led to changes in diabetes care recom-
mendations. This review summarizes current evidence regarding
the diagnosis and treatment of people with type 2 diabetes (Box 1).

Methods
We searched PubMed for English-language articles published
within 5 years before and through June 12, 2024, and updated the
search for additional articles published through February 14, 2025,
using title keywords for diagnosis and treatment of type 2 diabetes
(Supplement). We focused on high-quality studies and supple-
mented our search by identifying additional articles from refer-
ences of selected articles and reviewed relevant current practice
guidelines.

Of 2016 articles identified, 126 were included, consisting of 47
randomized clinical trials, 22 observational studies, 21 systematic re-
views and/or meta-analyses, 21 guidelines, 12 narrative reviews, and
3 drug or device reference guides.

Units of Measure
We report laboratory values primarily in conventional units. To con-
vert glucose from mg/dL to mmol/L, multiply values by 0.0555.
To convert HbA1c to mmol/mol, use the following equation:
(10.93 × HbA1c) − 23.50.

Diagnosis

Diabetes becomes clinically evident when elevated blood glucose
levels cause glycosuria with resultant polyuria, polydipsia, fatigue,
blurry vision, and unintentional weight loss. However, most indi-
viduals with type 2 diabetes are asymptomatic at diagnosis, and rou-
tine screening is recommended (Box 2).14,22

The cut points recommended by the American Diabetes Asso-
ciation and World Health Organization for diagnosis of diabetes in
nonpregnant adults are HbA1C greater than or equal to 6.5%, fast-
ing plasma glucose greater than or equal to 126 mg/dL after 8 hours
of no caloric intake, 2-hour plasma glucose greater than or equal to
200 mg/dL during 75-g oral glucose tolerance testing, or unequivo-
cal hyperglycemia including classic symptoms of hyperglycemia or
life-threatening hyperglycemic crisis (ie, diabetic ketoacidosis or hy-
perosmolar hyperglycemic state) and random plasma glucose level
greater than or equal to 200 mg/dL.14,23 Diagnosis requires 2 test
results above the diagnostic threshold obtained at the same time
(eg, HbA1C and fasting plasma glucose) or at 2 different times, which
may be either a repeat of the initial test or a different test.

HbA1C is an indirect measure of glucose exposure from nonen-
zymatic glycation of hemoglobin and represents a weighted mean
plasma glucose over the lifespan of the red blood cell, usually 2 to 3
months. HbA1C generally has greater reliability than glucose levels,
but may not accurately reflect time-averaged glucose levels in indi-
viduals with some hemoglobinopathies, pregnancy, HIV, recent blood
transfusion, iron deficiency anemia, hemodialysis, or hemolytic

Box 1. Commonly Asked Questions About Type 2 Diabetes

What tests can be used to diagnose type 2 diabetes?
Any of the following blood tests may be used to diagnose type 2
diabetes: fasting plasma glucose, 2-hour plasma glucose during a
75-g oral glucose tolerance test, or hemoglobin A1C (HbA1C). For
routine screening, fasting plasma glucose and HbA1C are typically
preferred, although, the 2-hour plasma glucose is a more sensitive
test and may help identify individuals who might otherwise not be
identified as having diabetes using the other tests (ie, cystic fibro-
sis-related diabetes or post-transplantation diabetes).

Is metformin still first-line treatment for type 2 diabetes?
Many guidelines continue to recommend metformin as first-line
treatment for type 2 diabetes. However, most guidelines now
recommend that patients with type 2 diabetes and atherosclerotic
cardiovascular disease, heart failure, or kidney disease receive
treatment with sodium-glucose cotransporter 2 inhibitors or
glucagon-like peptide-1 receptor agonists (GLP-1RAs) prior to or
concurrently with metformin due to the decreased risk of disease
progression with use of these medications.

When should injectable medications for type 2 diabetes be started?
For individuals with hyperglycemia despite use of metformin or
other oral glucose-lowering agents, a GLP-1RA or dual glucose-
dependent insulinotropic polypeptide/GLP-1RA is initially pre-
ferred over insulin per some guidelines for people with type 2
diabetes due to decreased hypoglycemia and increased weight
loss. However, patients with severe hyperglycemic symptoms
(ie, polyuria or polydipsia), unexpected weight loss, and/or HbA1C

>10% usually require treatment with insulin.
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anemia.14,23 For these individuals, plasma glucose criteria are rec-
ommended for diagnosis. Recent physical activity, illness, or acute
stress can raise or lower fasting glucose levels. The 2-hour plasma
glucose level is more sensitive for diagnosis than fasting glucose or
HbA1C in identifying individuals with diabetes, and is the preferred
test to diagnose cystic fibrosis-related diabetes or posttransplant dia-
betes; however, it is more cumbersome to perform and has greater
day-to-day variability.14

Adult-onset type 1 diabetes and other types of diabetes, such
as monogenic diabetes syndromes or diabetes secondary to medi-
cal conditions such as pancreatitis, may be misdiagnosed as type 2
diabetes, which can potentially delay initiation of appropriate
treatment.24 In adults with suspected type 1 diabetes (eg, body mass
index <25, age <35 years, strong personal or family history of auto-
immunity), testing with islet autoantibodies (initially glutamic acid
decarboxylase and, if results are negative, then islet tyrosine phos-
phatase 2, zinc transporter 8, and/or insulin autoantibodies) can help
identify type 1 diabetes.14 Clinical history and additional tests can help
differentiate type 2 diabetes from other types of diabetes (Table 1).

Management
Health Behaviors
Weight management, including dietary modifications, is a funda-
mental component of diabetes treatment. However, no specific diet
has been proven most effective for improving HbA1C, weight loss,
or health outcomes. In meta-analyses of people with diabetes (type
1 and 2), clinically meaningful HbA1C reductions have been re-
ported for Mediterranean-style vs control diets (difference in HbA1C,
−0.39% [95% CI, −0.58% to −0.20%]), the Dietary Approaches to
Stop Hypertension vs control diets (difference in HbA1C, −0.53%
[95% CI, −0.62% to −0.43%]), and low- vs high-carbohydrate diets
(difference in HbA1C at 6 mo, −0.36% [95% CI, −0.62% to
−0.09%]).25-27 In a trial of 7447 participants in Spain at high cardio-
vascular risk (50% with diabetes), the 5-year absolute risk of the car-
diovascular primary end point (myocardial infarction, stroke, or death
from cardiovascular causes) was 3.8% (95% CI, 3.2%-4.4%) in the
group randomized to receive a Mediterranean diet combined with
extra virgin olive oil or nuts vs 5.7% (95% CI, 4.6%-6.9%) in the con-
trol group (intention-to-treat hazard ratio, 0.70 [95% CI,
0.55-0.89]).28

Medical nutrition therapy is individualized, in-depth nutrition
therapy delivered by a registered dietitian. A systematic review of
18 randomized and nonrandomized clinical trials reported that medi-
cal nutrition therapy decreased HbA1C among patients with type 2
diabetes by 0.3% to 2% at 6 months.29,30 Diabetes self-
management education and support encompasses coping, diet,
physical activity, medications, self-monitoring, complications, and
problem-solving in diabetes.31 A meta-analysis of 20 randomized
clinical trials comparing diabetes self-management education and
support with usual care reported a pooled HbA1C difference of
−0.60% (95% CI, −0.85% to −0.35%).32 All types of physical activ-
ity, including aerobic and resistance, are beneficial for patients with
type 2 diabetes.14 A meta-analysis of 126 randomized clinical trials
(6718 patients) reported the optimal dose of physical activity for
people with type 2 diabetes was 1100 metabolic-equivalent min-
utes per week (equivalent to approximately 244 minutes/week of

moderate-intensity aerobic physical activity). Dose-associated HbA1C

reductions with this level of activity ranged from 0.4% to 1.0%.33

For persons with diabetes and overweight or obesity, Ameri-
can Diabetes Association guidelines recommend restriction of en-
ergy intake and increased energy expenditure (500-750 kcal/d en-
ergy deficit) to promote weight loss.14 The DiRECT Study, an open-
label, cluster-randomized trial of 306 individuals from 49 primary
care practices in the UK, reported that a very low–calorie formula
diet (825-853 kcal/d) followed by stepped food reintroduction
achieved remission of type 2 diabetes (HbA1C <6.5% without dia-
betes medications for at least 2 months) among 46% of partici-
pants in the intervention group vs 4% in the control group at 12
months (odds ratio, 19.7 [95% CI, 7.8-49.8]).34

The Action for Health in Diabetes (Look AHEAD) randomized
clinical trial (including 5145 overweight persons with type 2 diabe-
tes) reported that a long-term behavioral weight loss intervention
including a goal of at least 175 minutes per week of moderate-
intensity physical activity, compared with diabetes self-
management education and support, resulted in no difference be-
tween groups for the primary cardiovascular outcome over a median
of 9.6 years of follow-up. However, the weight loss intervention was
associated with sustained weight loss, lower HbA1C, delayed pro-
gression of kidney disease, and improvements in quality of life, de-
pression, sleep apnea, urinary incontinence, and health care utili-
zation and costs.35

Glycemic Targets for Microvascular
and Macrovascular Complications
Multiple trials have demonstrated that achieving an HbA1C less than
7% in nonpregnant adults reduces the risk of microvascular com-
plications such as retinopathy, neuropathy, and nephropathy.14 The
UK Prospective Diabetes Study randomly assigned 4209 patients
with newly diagnosed type 2 diabetes to receive conventional (pri-
marily diet) vs intensive (insulin, sulfonylurea, or, if overweight, met-
formin) treatment, with mean attained HbA1C of 7.9% vs 7.0%,

Box 2. Screening for Type 2 Diabetes

US Preventive Services Task Force
The US Preventive Services Task Force recommends screening for
type 2 diabetes in adults aged 35 to 70 years who have overweight
(body mass index [BMI] �25) or obesity (BMI �30) and that
screening every 3 years may be reasonable for those with normal
glucose levels.22

American Diabetes Association
The American Diabetes Association recommends that all adults
aged �35 years should be screened for type 2 diabetes at a
minimum every 3 years. Adults of any age who have a history of
gestational diabetes or who have overweight or obesity (BMI �25
or �23 in individuals of Asian ancestry) along with additional risk
factors such as family history in a first-degree relative (ie, parent or
sibling) are recommended to have screening every 1-3 years
depending on risk status. Screening for type 2 diabetes is
recommended yearly in individuals with prediabetes, defined by
the American Diabetes Association as fasting plasma glucose
100-125 mg/dL, 2-hour plasma glucose during 75-g oral glucose
tolerance test of 140-199 mg/dL, or hemoglobin A1C of 5.7% to
6.4%.14
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respectively.36,37 An observational study that published follow-up
data (median of 17.5 years [range, 0-42 years]) on 1489 (97.6%) of
the 1525 surviving participants reported reductions in all-cause mor-
tality (2.7%-4.9%), myocardial infarction (3.3%-6.2%), and micro-
vascular disease defined as vitreous hemorrhage, retinal photoco-
agulation, death due to kidney disease, or kidney failure (3.5%) in
those previously randomized to receive intensive treatment vs con-
ventional therapy (P < .05 for all comparisons).38

ACCORD,39 ADVANCE,40 and VADT41 were trials of intensive vs
standard glycemic control using oral glucose-lowering agents or in-
sulin (conducted prior to availability of SGLT2is and GLP-1RAs) in par-
ticipants with longer duration of type 2 diabetes (mean of 10 years);
approximately one-third of participants in each trial had cardiovas-
cular disease. ACCORD included 10 251 patients with type 2 diabe-
tes; the intensive vs standard care group achieved mean HbA1C of
6.4% (target <6%) vs 7.5%, respectively, at 1 year. ADVANCE en-
rolled 11 140 patients with type 2 diabetes and targeted HbA1C less
than or equal to 6.5% in the intensive group (mean HbA1C of 6.5%
in the intensive group vs 7.3% in the standard care group). VADT en-
rolled 1791 veterans with type 2 diabetes, targeting a difference in
HbA1c of 1.5% between the groups (mean HbA1C of 6.9% in the in-
tensive group vs 8.4% in the standard care group). Intensive con-
trol reduced retinopathy progression in ACCORD (7.3% vs 10.4%;
P = .003)42 and incidence of nephropathy in ADVANCE (4.1% vs
5.2%; P = .006).40 However, the only microvascular complication
that showed a significant reduction among patients treated with in-
tensive glycemic control in VADT was a decrease in worsening
albuminuria.41

Although these studies demonstrate that more intensive gly-
cemic targets (HbA1C <6.5%) may benefit microvascular disease,
these targets do not have consistent benefits for macrovascular dis-
ease, defined as nonfatal myocardial infarction, nonfatal stroke, and
cardiovascular death. In ACCORD, compared with the standard care
group, the intensive glycemic control group had increased hypogly-
cemia (10.5% vs 3.5%; P < .001), weight gain greater than 10% (28%
vs 14%; P < .001), and mortality (5% vs 4%; hazard ratio, 1.22
[95% CI, 1.01-1.46]), prompting early trial discontinuation.39,43

ADVANCE and VADT reported no significant differences between
intensive glycemic control vs standard care on macrovascular out-
comes during the trial periods.40,41 An observational study with 10-
year follow-up of VADT participants reported an absolute risk re-
duction of 8.6 major cardiovascular events per 1000 person-years,
although this benefit was no longer present at 15 years.44

In a meta-analysis and systematic review of 15 randomized clini-
cal trials and observational studies (783 255 patients) comparing in-
tensive control (HbA1C <7.5%) vs standard care in adults 60 years
or older or frail adults of any age with type 2 diabetes, there was no
difference in mortality, but intensive control was associated with both
a reduction in microvascular and macrovascular complications and
increased risk for severe hypoglycemia.45 Older adults with cogni-
tive or functional limitations and those with reduced life expec-
tancy experience less benefit from intensive glycemic targets and
more harm from overtreatment, including increased risk of severe
hypoglycemia, which may lead to falls and fractures.46

Glucose Monitoring
In addition to HbA1C testing, ambulatory glucose monitoring with
fingerstick blood glucose monitoring (BGM) and/or continuousTa
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glucose monitoring (CGM) is important for achieving glycemic goals
in many individuals with type 2 diabetes. Although BGM has not been
demonstrated to decrease HbA1C in type 2 diabetes not treated with
insulin,47 it can be considered to help some patients adjust lifestyle
or medication regimens.14 (eFigure 2 in the Supplement). For pa-
tients only taking basal insulin, once-daily fasting BGM can suffice
to achieve fasting glucose targets (80-130 mg/dL for many non-
pregnant adults based on American Diabetes Association guide-
lines) and reduce HbA1C.14,48

A systematic review and meta-analysis of CGM use in adults with
type 2 diabetes (12 randomized clinical trials with 1248 participants
taking insulin, GLP-1RA, or oral glucose-lowering medications) re-
ported that CGM led to a mean difference in HbA1C reduction over
10 to 34 weeks of −0.31% (95% CI, −0.43% to −0.19%) compared
with BGM.49 In a randomized clinical trial of 224 participants with
type 2 diabetes taking insulin, CGM decreased hypoglycemic epi-
sodes, reducing time with blood glucose less than 70 mg/dL by 0.47
hours per day compared with BGM.50 CGM accuracy is slightly lower
the first day following sensor insertion and when glucose levels are
rapidly changing.51

For people taking multiple daily injections of insulin, evidence-
based guidelines recommend BGM be performed at a minimum prior
to meals and at bedtime to guide insulin dosing and avoid hypogly-
cemia, and that CGM be offered to all people with type 2 diabetes
taking insulin and considered for those taking other noninsulin glu-
cose-lowering therapies, with a goal of achieving greater than 70%
of time in range (blood glucose of 70-180 mg/dL) for most nonpreg-
nant adults.14,52,53

Glucose-Lowering Medications for Type 2 Diabetes
The number of glucose-lowering medications for treatment of type
2 diabetes has increased over recent years with currently available
therapies targeting different organs and sites of action that contrib-
ute to the development of hyperglycemia (Figure).54

Initiation of glucose-lowering pharmacotherapy is associated
with reduced long-term microvascular and macrovascular
complications.36,37,55-83 Patients presenting with severe hypergly-
cemia symptoms such as polyuria and polydipsia, unexpected weight
loss, or HbA1C greater than 10% should initially be treated with in-
sulin. In asymptomatic patients diagnosed with type 2 diabetes, most
guidelines recommend metformin as the first medication in those
without cardiovascular comorbidities (ie, atherosclerotic cardiovas-
cular disease or heart failure) or chronic kidney disease. This rec-
ommendation is based on the high glycemic efficacy, low hypogly-
cemia risk, general tolerability, and low cost of metformin.84 The
major barrier to use of metformin is gastrointestinal adverse ef-
fects such as diarrhea (Table 2), which may be ameliorated by slow
dose titration (eg, starting with 500 mg once daily followed by
gradual dose escalation by 500 mg every week until target dose is
reached)89 or switching to an extended-release formulation. A meta-
analysis of 15 randomized clinical trials (N = 3765) reported that ex-
tended-release metformin was associated with a nonsignificant re-
duction in gastrointestinal adverse effects compared with
immediate-release metformin (24.6% vs 28.1%; odds ratio, 0.76
[95% CI, 0.58-1.00]).90

A randomized trial of 5047 patients with type 2 diabetes who
were taking metformin assigned patients to receive a sulfonylurea
(glimepiride), DPP-4 inhibitor (sitagliptin), GLP-1 receptor agonist

(liraglutide), or basal insulin glargine. At 5 years of follow-up, the in-
cidence of HbA1C greater than 7.0% was lower with the addition of
insulin glargine or liraglutide (26.5 and 26.1 per 100 participant-
years, respectively) than glimepiride or sitagliptin (30.4 and 38.1 per
100 participant-years, respectively) (P < .001 for a global test of dif-
ferences across all groups).91 Patients in the GLP-1RA group had more
weight loss (mean, −3.5 kg). For individuals taking 1 or more oral glu-
cose-lowering drugs at maximally tolerated doses who require in-
jectable therapies to meet glycemic targets (ie, HbA1C level more than
1.5%-2% above goal) in the absence of severe hyperglycemia symp-
toms, use of a GLP-1RA or dual GLP-1/GIP-RA is initially preferred to
insulin due to decreased hypoglycemia and increased weight loss
by many guidelines (Table 3 and Table 4).14 Newer, high-potency
weekly GLP-1RAs (ie, high-dose semaglutide or dulaglutide) and dual
GIP/GLP-1RAs (ie, tirzepatide) are associated with mean HbA1C re-
ductions up to approximately 2% to 2.5% and weight reductions of
greater than 5% from baseline in most individuals, with some ex-
ceeding 10%.80

Insulin therapy is eventually required by up to one-third of adults
with type 2 diabetes to maintain glycemic goals as β-cell function
declines.14,103 A variety of insulin formulations with different on-
sets of action and durations of effect are available (Table 3; eFig-
ure 3 in the Supplement).92 Basal insulin is the most common ini-
tially prescribed insulin in type 2 diabetes, with addition of insulin
at meals as needed to target postprandial hyperglycemia (ie, 1-2 hours
after the beginning of the meal) and achieve glycemic targets.14

Mixed insulin regimens can be administered individually (eg, sepa-
rate basal and prandial injections) or as premixed (eg, 70/30) prepa-
rations, depending on patient preferences for injection frequency
and need for dosing flexibility.92 For individuals requiring large doses
of insulin due to high levels of insulin resistance, concentrated in-
sulin products (ie, 2-5 times more insulin per unit volume) can re-
duce injection volume and discomfort (Table 3).

Insulin pumps are palm-sized devices that deliver rapid-acting
insulin (ie, aspart or lispro) throughout the day through tubing and
a cannula inserted under the skin or attached directly to the skin. In
a randomized multicenter clinical trial of 319 patients over 13 weeks,
use of an automated insulin pump paired with CGM and an algo-
rithm to automatically adjust insulin delivery based on real-time
glucose levels led to a mean HbA1C reduction of −0.6% (95% CI,
–0.8% to –0.4%; P < .001) compared with multiple daily injections
of insulin and CGM alone.104 Evidence-based guidelines recom-
mend insulin pump therapy be offered to individuals with type 2 dia-
betes taking multiple daily injections of insulin who are capable of
using these devices safely.14,52,53

Comorbidity Considerations When Selecting
Glucose-Lowering Medications
For people with type 2 diabetes who have established or are at high
risk for atherosclerotic cardiovascular disease, heart failure (HF), or
chronic kidney disease (CKD), evidence-based guidelines recom-
mend SGLT2is or GLP-1RAs oftentimes irrespective of HbA1C levels
(Table 4).105

Atherosclerotic Cardiovascular Disease
Specific SGLT2i61,62 and GLP-1RA70-72 medications have demon-
strated significant risk reductions for major adverse cardiovascular
events in large trials that mostly enrolled participants with type 2
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diabetes and history of established cardiovascular diseases; more
than 70% of participants were receiving background metformin
therapy.106 Trials with agents from the DPP-4 inhibitor class have gen-
erally established safety, but not cardiovascular benefit.14

A meta-analysis of 6 trials of 4 SGLT2 inhibitors, including
46 969 participants with type 2 diabetes (66% with established car-
diovascular disease) with median follow-up from 2.4 to 4.2 years re-
ported reduction in risk of the primary 3-point major adverse car-
diovascular events outcome of myocardial infarction, stroke, or
cardiovascular death (hazard ratio, 0.90 [95% CI, 0.85-0.95]). Sig-
nificant reductions were also observed in secondary outcomes in-
cluding cardiovascular death, hospitalization for heart failure, and
kidney disease progression, defined as worsening estimated glo-
merular filtration rate (eGFR) or creatinine, kidney failure, death from
renal causes, or cardiovascular death.107

Similarly, a meta-analysis of 7 trials of 6 injectable GLP-1RAs
and 1 oral GLP-1RA among 56 004 participants with type 2 diabe-
tes (76% with established cardiovascular disease) over a median fol-
low-up of 1.3 to 5.4 years reported a reduction in both the primary
major adverse cardiovascular events outcome (10.5% with GLP-
1RA treatment vs 11.8% with placebo; hazard ratio, 0.88 [95% CI,
0.82-0.94]) and secondary outcomes including a reduction in car-
diovascular mortality (fatal or nonfatal stroke and fatal or nonfatal
myocardial infarction).108

Cardiovascular effects of glucose-lowering medications
approved by the US Food and Drug Administration prior to 2008
have a weaker evidence base because large, randomized cardio-
vascular outcome trials were not mandated at the time; how-
ever, metformin and pioglitazone likely have cardiovascular
benefit.60,104,105

Figure. Key Pathophysiologic Defects in Type 2 Diabetes and Primary Sites of Action of Glucose-Lowering Medications

Brain
Neurotransmitter dysfunction
Treatment
• GLP-1RA: increases satiety
• GIP/GLP-1RA: increases satiety

Skeletal muscle
Insulin resistance
Treatment
• Metformin: increases insulin sensitivity 
   and glucose uptake
• Thiazolidinedione: increases insulin sensitivity 
   and glucose uptake
• Exogenous insulin treatment: increases insulin 
   receptor activation and glucose uptake

Kidney
Increased renal glucose reabsorption
Treatment
• SGLT2i: increases glucosuria

Stomach
Gastric motility
Treatment
• GLP-1RA: slows gastric emptying
• GIP/GLP-1RA: slows gastric emptying

Adipose tissue
Insulin resistance
Treatment
• Thiazolidinedione: increases insulin sensitivity
   and glucose uptake
• Exogenous insulin treatment: increases insulin 
   receptor activation and increases glucose uptake

Pancreas
α-cell dysfunction
Treatment
• GLP-1RA: decreases glucagon secretion
• GIP/GLP-1RA: decreases glucagon secretion
• DPP-4i: decreases glucagon secretion

β-cell dysfunction
Treatment
• GLP-1RA: increases glucose-dependent 
   insulin secretion
• GIP/GLP-1RA: increases glucose-dependent 
   insulin secretion
• DPP-4i: increases glucose-dependent insulin secretion
• Meglitinide: increases insulin secretion
• Sulfonylurea: increases insulin secretion
• Exogenous insulin replacement: increases insulin 
   receptor activation

Intestines
Carbohydrate absorption
Treatment
• Alpha-glucosidase inhibitor: delays carbohydrate absorption
• Metformin: decreases intestinal glucose absorption

Impaired incretin effect
Treatment
• DPP-4i: increases GLP-1 levels
• Metformin: increases GLP-1 levels
• GLP-1RA: increases GLP-1 receptor activation
• GIP/GLP-1RA: increases GLP-1 receptor and GIP 
   receptor activation

Liver
Insulin resistance
Treatment
• Metformin: increases insulin sensitivity and decreases 
   hepatic glucose production
• Thiazolidinedione: increases insulin sensitivity and 
   decreases hepatic glucose production
• Exogenous insulin treatment: increases insulin receptor 
   activation and decreases hepatic glucose production

There are multiple pathophysiological defects in various organs that contribute
to the development of hyperglycemia in type 2 diabetes.54 Different classes of
glucose-lowering medications are currently available, each with specific
mechanisms of action to lower blood glucose that target these defects.
Commonly used medication for type 2 diabetes are included. DPP-4i indicates

dipeptidyl peptidase-4 inhibitor; GIP/GLP-1RA, glucose-dependent
insulinotropic polypeptide/ glucagon-like peptide-1 receptor agonist; GLP-1RA,
glucagon-like peptide-1 receptor agonist; SGLT2i, sodium-glucose cotransporter
2 inhibitor.
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Heart Failure
Trials of HF outcomes with dapagliflozin and empagliflozin, enroll-
ing up to 50% of participants with type 2 diabetes, report reduc-
tion in cardiovascular death and improvement of HF among pa-
tients with HF with reduced ejection fraction and HF with preserved
ejection fraction, respectively, independent of diabetes status, com-
pared with placebo.66-69,88 Recent trials of semaglutide and tirz-
epatide have also reported improved HF symptoms and function in
patients with obesity-related HF with preserved ejection fraction
compared with placebo.74,75,109

Chronic Kidney Disease
SGLT2 inhibitors have beneficial effects on kidney outcomes includ-
ing reduced progression to kidney failure, eGFR decline to less than
10 to 15 mL/min/1.73 m2, decrease in eGFR of at least 40%, or death
from kidney causes in trials that included people with type 2 diabe-
tes and CKD.14 The first dedicated kidney outcome trial with a GLP-
1RA (injectable semaglutide) demonstrated benefit in reducing ma-
jor kidney disease events.110

Treatment Guidelines and Evidence
Numerous guidelines outline approaches to medical management
of hyperglycemia in patients with type 2 diabetes.14,94-101 Many
guidelines recommend an HbA1C target of less than 6.5% or 7% for
most nonpregnant adults that is individualized based on patient-
related factors, with higher targets (<7.5%-8.5%) for older adults and
those with high risk of hypoglycemia or limited life expectancy
(Table 4).14,95,96,102,111 Current guidelines recommend specific SGLT2i
agents that improve atherosclerotic cardiovascular disease, HF, CKD,
or mortality outcomes and GLP-1RAs that improve atherosclerotic
cardiovascular disease, CKD, or mortality outcomes in individuals
who have these conditions or are at high cardiovascular
risk.14,94,97-100 Many evidence-based guidelines continue to recom-
mend metformin as first-line treatment,94-97,99-102 particularly in pa-
tients without cardiovascular or kidney comorbidities, although some
guidelines no longer state that metformin be used prior to using GLP-
1RAs or SGLT2is in patients with atherosclerotic cardiovascular dis-
ease, HF, or CKD.14,94,98 Some guidelines recommend combination
SGLT2i and GLP-1RA in patients with type 2 diabetes and cardiovas-
cular disease or those at high risk of CVD if glycemic targets are not
met (Table 4). Studies have been limited by small sample sizes in com-
bination therapy subgroups and trials have not consistently shown
benefit for the combination of SGLT2is and GLP-1RAs on cardiovas-
cular and kidney outcomes.73,112

The major disadvantage of SGLT2is, GLP-1RAs, and dual GIP/GLP-
1RAs, aside from their specific adverse effects (Table 2), is limited ac-
cess in the US due to high cost for individuals without insurance or with
high-deductible health plans.113 Strategies such as co-payment cards,
manufacturer patient assistance programs, and the Medicare low-
income subsidy may help patients navigate high prescription drug
costs.114 Genericformulationsof liraglutideanddapagliflozinhavebeen
approved in the US, but are not widely available.

Intensification of Therapy
Type 2 diabetes is a progressive disease and combination pharmaco-
therapy is often required in a stepwise manner to maintain HbA1C goals.

Whenintensifyingtheglucose-loweringregimen, it is importanttocon-
sider other drug- and patient-specific factors (Table 2).91,115 When mak-
ing decisions about additional therapy, a patient-centered approach
that addresses patient priorities and preferences while establishing
attainable goals is beneficial.14,116,117 Although many patients with type
2 diabetes eventually require insulin due to progressive hyperglyce-
mia, insulin may be associated with hypoglycemia. The risk of hypo-
glycemia is highest in patients taking insulin or secretagogues (ie, sul-
fonylureas or meglitinides; Table 2) who are 75 years or older or have
cognitive impairment, CKD, or insulin deficiency.118-120 In a population-
based study of 1.66 million people filling at least 1 glucose-lowering
medication prescription, the rate of severe hypoglycemia per 100 per-
son-years was 2.3 for people 75 years and older, 1.3 for those aged 64
to 75 years, and 0.9 for younger ages.121 Sulfonylureas are inexpen-
sive and have high HbA1C-lowering efficacy.38,81 Reducing the risk of
hypoglycemia with sulfonylureas can be achieved by only taking the
medication when eating and using the lowest effective doses. For
those at higher risk of hypoglycemia, long-acting glyburide should be
avoided, and all other sulfonylureas should be used
cautiously.55,56,59,92 In patients already treated with insulin and/or in-
sulin secretagogues such as sulfonylureas or meglitinides (Table 3) for
whom addition of a SGLT2i or GLP-1RA is indicated, deintensification
(dose reduction or discontinuation) of existing therapy may be con-
sidered to minimize hypoglycemia risk.14,122

Metabolic Surgery
Metabolic (bariatric) surgery referral may be considered in people
with type 2 diabetes who have a body mass index greater than or
equal to 30.0 (or greater than or equal to 27.5 in Asian individuals),
especially in the presence of other obesity-related comorbidities such
as hypertension or dyslipidemia. In addition to weight reduction and
decreased glycemia (with diabetes remission in some patients), ex-
pected benefits of metabolic surgery include improved quality of life,
reduced cardiovascular events, and decreased risk of hepatocellu-
lar, colorectal, pancreatic, gallbladder, breast, endometrial, and ovar-
ian cancers.14,123-126

Practical Considerations
Patients with type 2 diabetes are commonly treated by primary care
clinicians. HbA1C should be assessed at least every 6 months or ev-
ery 3 months for patients not meeting their glycemic targets or for
those with recent glucose-lowering medication dose adjustments.
Referrals to a diabetes care and education specialist for diabetes
self-management education and to a registered dietitian for medi-
cal nutrition therapy are recommended for all individuals with
type 2 diabetes.14 Most adults with type 2 diabetes should be coun-
seled to engage in moderate- to vigorous-intensity aerobic physi-
cal activity such as brisk walking, swimming, or running (�150 min-
utes/week) and resistance exercise (2-3 sessions/week). Patients
should be counseled to lose weight or maintain weight if weight loss
is not advisable. Multidrug regimens, complicated insulin regimens
(ie, multiple daily injections), high-dose insulin (ie, >200 units/d),
and consideration of use of diabetes technology (such as CGMs or
insulin pumps) may warrant consultation with endocrinology. Lack
of expected response to treatment or persistent hyperglycemia in
patients with new-onset diabetes who are adherent to metformin
or other oral glucose-lowering therapy should prompt screening
for type 1 diabetes with islet autoantibodies (eg, glutamic acid
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decarboxylase) or other types of diabetes (Table 1) and may neces-
sitate endocrine referral.

Limitations
This review has several limitations. First, it is not a systematic re-
view, and the quality of included literature was not formally evalu-
ated. Second, relevant articles may have been missed. Third, ran-
domized clinical trials investigating cardiovascular outcomes did not
generally include individuals at lower risk of cardiovascular dis-
ease. Fourth, clinical trials of newer glucose-lowering drugs such as
SGLT2is and GLP1RAs were of relatively short duration, and long-
term effects of these medications are currently unknown.

Conclusions

Type 2 diabetes affects up to 14% of the global population and is
associated with preventable long-term complications such as car-
diovascular disease, kidney failure, vision loss and increased mor-
tality. In addition to lifestyle modifications including diet, exercise
and weight management, metformin is generally first-line therapy
for attainment of HbA1C targets. For individuals with type 2 diabe-
tes and cardiovascular or kidney disease or at high cardiovascular
risk, guidelines recommend early treatment with SGLT2i and/or
GLP-1RA medications.
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